Detailed population data were obtained on the distribution of novel biallelic markers that finely dissect the human Ychromosome haplogroup E-M78. Among 6,501 Y chromosomes sampled in 81 human populations worldwide, we found 517 E-M78 chromosomes and assigned them to 10 subhaplogroups. Eleven microsatellite loci were used to further evaluate subhaplogroup internal diversification.
Introduction
A large number of Y chromosome unique event polymorphisms (UEPs) has been reported in the last 7 years Underhill et al. 2000 Underhill et al. , 2001 Cruciani et al. 2002 Cruciani et al. , 2004 Cruciani et al. , 2006 The Y Chromosome Consortium 2002; Hammer et al. 2003; Cinniog˘lu et al. 2004; Rootsi et al. 2004; Semino et al. 2004; Wilder et al. 2004; Kayser et al. 2006; Mohyuddin et al. 2006; Sengupta et al. 2006; Sims et al. 2007) leading to the identification of hundreds of Y-specific haplogroups. Most of the terminal branches of the present Y-phylogenetic tree show a geographic distribution, which is essentially limited to specific continental or subcontinental areas, mainly as a consequence of the reduced effective population size of the Y chromosome and/or of the origin of each branch after major peopling episodes (for a review see Jobling and Tyler-Smith 2003) . As previously observed (Cruciani et al. 2004) , haplogroup E3b1a (E-M78) escapes this rule, being present at high frequencies in a wide area stretching from northern and eastern Africa, Europe, and western Asia Bosch et al. 2001 Bosch et al. , 2006 Cruciani et al. 2002 Cruciani et al. , 2004 Semino et al. 2002 Semino et al. , 2004 Arredi et al. 2004; Behar et al. 2004; Cinniog˘lu et al. 2004; Flores et al. 2004 Flores et al. , 2005 Luis et al. 2004; Shen et al. 2004; Alonso et al. 2005; Gonc xalves et al. 2005; Marjanovic et al. 2005; Peričić et al. 2005; Sanchez et al. 2005; Wood et al. 2005; Regueiro et al. 2006) .
Due to the lack of informative UEPs defining additional nodes internal to this haplogroup, scholars relied upon the information provided by network analysis of fast evolving microsatellites in order to identify putative monophyletic groups of chromosomes within E-M78 (Cruciani et al. 2004; Semino et al. 2004) , an approach which had been successfully used in the past for an initial molecular dissection of major unresolved haplogroups (Malaspina et al. 1998 (Malaspina et al. , 2000 Scozzari et al. 1999 ). Cruciani et al. (2006) recently reported on the identification of 6 new UEPs within the E-M78 clade, 4 of which seem to be relatively common and informative for evolutionary studies. An evaluation of the correspondence between the subhaplogroups defined by the new UEPs and the E-M78 clusters previously identified by microsatellite network analysis, revealed not only a tight correspondence between the trees generated by the 2 types of markers but also important discrepancies, underlining once more that microsatellite-defined clusters cannot always be considered monophyletic groups of chromosomes (Cruciani et al. 2006) .
In the present study, we provide detailed population data on the distribution of E-M78 binary subhaplogroups defined by 10 UEPs (2 of which are here described for the first time) in a sample of 6,501 Y chromosomes belonging to 81 populations mainly from Europe, western Asia, and Africa. In order to obtain estimates of internal diversity and coalescence age of E-M78 subhaplogroups and the associated human migrations and demographic expansions, we also analyzed a set of 11 microsatellites. The same set of microsatellites was also analyzed in a sample of Y chromosomes belonging to the haplogroup J-M12, whose geographic distribution in Europe strictly overlaps that of a single E-M78 subhaplogroup. Our results not only provide a refinement of previous evolutionary hypotheses based on microsatellites alone but also well-defined time frames for different migratory events that led to the dispersal of these haplogroups and subhaplogroups in the Old World.
Subjects and Methods Subjects
The sample comprised 6,501 unrelated male subjects belonging to 81 populations worldwide. Appropriate informed consent was obtained from all participants. Geographic origin and sample size for each population are reported in table 1 and Supplementary figure 1 (Supplementary Material online).
Molecular Analysis
Samples were obtained from peripheral blood, cultured cells, hair roots, or buccal swabs, and DNA was extracted using appropriate procedures (either phenolchloroform extraction followed by ethanol precipitation or purification by QlAamp kit from Qiagen, Milan, Italy).
In all, 6,501 Y chromosomes were analyzed for the M78 marker (present study and Cruciani et al. 2002 and Cruciani et al. , 2004 by the method of Underhill et al. (2000) . Among them, 517 chromosomes carrying the M78-derived T allele were further genotyped for 10 markers defining internal nodes, following a hierarchical approach. Typing methods for 8 of these markers (M148, M224, V12, V13, V19, V22, V27, and V32) were previously described Cruciani et al. 2006) . Two polymorphic markers (V36 and V65) are here reported for the first time. The V36 polymorphism is a T to C transition at position 383 of a 449-bp polymerase chain reaction (PCR) fragment amplified using the primers V36 forward (5#-tcctctttccacttaccttcca) and V36 reverse (5#-caaatgcaaatcaccatttagg). The V65 polymorphism is a G to T transversion at position 77 of a 349-bp PCR fragment amplified using the primers V65 forward (5#-cctcaacctactaaatgtgaccatg) and V65 reverse (5#-atggccacacaattctccat). Both polymorphisms were genotyped by denaturing high performance liquid chromatography. The M12 polymorphism (Underhill et al. 1997) , defining haplogroup J2b (Sengupta et al. 2006) , has been analyzed as described in Cruciani et al. (2002) .
In all, 483 of the 517 E-M78 subjects were further typed for 4 polymorphic dinucleotide repeats (YCAII and DYS413 duplicated loci) and 7 tetranucleotide repeats (DYS19, DYS391, DYS393, DYS439, DYS460 [formerly A7.1], DYS461 [formerly A7.2], and GATA A10) as previously reported (Cruciani et al. 2004) . The same eleven microsatellites were analyzed in a set of 43 European J-M12 chromosomes. The DYS392 microsatellite was analyzed in 101 E-M78 chromosomes using primers reported by Butler et al. (2002) and the method described by Cruciani et al. (2002) .
Data Analysis
For each haplogroup, phylogenetic relationships among 11 microsatellite haplotypes were obtained by sequentially performing reduced-median and median-joining procedures (Bandelt et al. 1995 (Bandelt et al. , 1999 through the use of the network 4.1 program (Fluxus-engineering.com, http:// www.fluxus-engineering.com/sharenet.htm). In order to reduce reticulations in the network, microsatellites were weighted proportionally to the inverse of the repeat variance observed in each haplogroup.
To estimate the time to the most recent common ancestor (TMRCA) of haplogroups, we used the 7 tetranucleotide loci and applied the average square distance (ASD) method (Goldstein et al. 1995) , where the ancestral haplotype was assumed to be the haplotype carrying the most frequent allele at each microsatellite locus. We employed a microsatellite evolutionarily effective mutation rate (Zhivotovsky et al. 2004) . However, because the loci used here and those used by Zhivotovsky et al. (2004) do not overlap completely, we calculated the microsatellite mutation rate as follows: we obtained the mean and standard deviation of the father-to-son mutation rates reported by Gusmão et al. (2005) for the same loci here used, and reduced them by a factor 3.6 (i.e., the discrepancy between the rate estimate obtained from population data and that obtained from father-to-son transmissions [Zhivotovsky et al. 2004] ). This resulted in an evolutionarily effective rate x 5 7.9 Â 10 À4 (SD 5 5.7 Â 10 À4 ), a figure that was also used in recalculating the E-M215 coalescence age (data from Cruciani et al. 2004) . Recently, Zhivotovsky et al. (2006) showed that reduced loss of diversity in an expanding population brings the evolutionarily effective rate closer to the germ line rate than in constant-size populations. Thus, in the case of expanding populations, we used a correction of the 7.9 Â 10 À4 value, that was calculated as follows. With reference to figure 2 in Zhivotovsky et al. (2006) , the values of accumulated variance in 200-300 generations for the scenarios of 1) a single rate for exponential E-M78 and J-M12 Y Haplogroups and Human Migrations 1301 population growth and 2) growth with 4 distinct consecutive rates were compared with the amount accumulated in constant-size populations. This resulted in evolutionarily effective mutation rates decreased of factors 2.4 and 2.8, respectively (instead of 3.6), that is, 11.9 Â 10 À4 (SD 5 8.5 Â 10 À4 ) and 10.2 Â 10 À4 (SD 5 7.3 Â 10 À4 ), which were applied to haplogroups E-V13 and J-M12 found in Europe. Confidence intervals (CIs) for the ASD (and TMRCA) were obtained as follows: Mutations on the microsatellite genealogy were simulated using a Poisson process, in which the total number of mutational events was calculated based on branch length and assuming that mutations at each microsatellite were gamma-distributed with mean and standard deviation calculated as above. Each mutation increased or decreased allele length by one step (each with probability 0.5). ASD was then evaluated for the simulated data and the whole process repeated 1,000 times to quote the central 95% of values. This method represents a refinement of that by Thomas et al. (1998) and Scozzari et al. (2001) , as it also takes into account heterogeneity of mutation rates across loci. An independent dating method (q statistics; Forster et al. 1996; Saillard et al. 2000) was also used to assay how robust the time obtained is to choice of method.
Both dating procedures rely on the appropriate choice of a haplotype to be considered ancestral, which remains an uncontrolled source of uncertainty. We observe that the qbased ages are slightly younger than the ASD-based ones ( fig. 1) . The difference is significant only for the root of the entire haplogroup, this being attributable to the relevant departure from a star-like structure because of repeated founder effects (Saillard et al. 2000) . Only values obtained from ASD are quoted in the text.
Haplogroup diversity and its sampling variance were estimated as in Arlequin 3.0 (Excoffier et al. 2005) .
Frequency and variance maps were depicted on a grid of 44 Â 60 lines using the Kriging procedure (Cressie 1991) through the use of the program Surfer 6.0 (Golden Software, Inc., Golden, CO). The map of microsatellite variances was obtained after pooling data from locations with less than 3 observations and assigning the resulting figures to the centroid of the pooled locations. These points are plotted in figure 5.
Results and Discussion Molecular Dissection of E-M78 Haplogroup
By analyzing a worldwide sample of 6,501 male subjects, we have identified 517 chromosomes belonging to haplogroup E-M78, more than twice the number found in a previous study (Cruciani et al. 2004 ). These chromosomes have been further analyzed for the biallelic markers M148 , M224 ), V12, V13, V19, V22, V27, V32 (Cruciani et al. 2006) , V36, and V65 (present study). Only 2 of the markers analyzed (V13 and V36) were phylogenetically equivalent, leading to the identification of a total of 10 distinct haplogroups/paragroups ( fig. 1) , with only 5 chromosomes remaining in the paragroup E-M78*. Four subhaplogroups were either rare (1 and 2 subjects for E-V27 and E-V19, respectively) or absent (E-M148 and E-M224) in the global sample, whereas the (Cruciani et al. 2004 ). b Sample (or a subset of it) from the Human Genome Diversity Project/CEPH DNA panel (Cann et al. 2002) . c 43 subjects from Sicily (Trapani) analyzed by Cruciani et al. (2004) are included on the sample. d One E-V13 subject also carries the V27 mutation.
e Two E-V22 subjects also carry the V19 mutation. f 106 subjects from Burkina Faso analyzed by Cruciani et al. (2002) are included on the sample.
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other haplogroups/paragroups were relatively common (table 1 and fig. 2 ). The E-M78 subhaplogroup identified by the new mutation V65 includes all but 2 of the chromosomes previously included in the cluster b and 1 chromosome from cluster c of the E-M78 microsatellite network (Cruciani et al. 2004) , once again underlining the strong but not perfect correspondence between microsatellite-defined clusters and UEP-defined haplogroups (Cruciani et al. 2006) . The subdivision of E-M78 in the six common major clades revealed a pronounced geographic structuring (table  1 and fig. 2 ): Haplogroup E-V65 and the paragroups E-M78* and E-V12* were observed mainly in northern Africa, haplogroup E-V13 was found at high frequencies in Europe, and haplogroup E-V32 was observed at high frequencies only in eastern Africa. The only haplogroup showing a wide geographic distribution was E-V22, relatively common not only in northeastern and eastern Africa but also found in Europe and western Asia, up to southern Asia (table 1, fig. 2 ).
Locating the Origin of Haplogroup E-M78
An eastern African origin for this haplogroup was hypothesized on the basis of the exclusive presence in that area of a putative ancestral 12-repeat allele at the DYS392 microsatellite, found in association with E-M78 chromosomes (Semino et al. 2004) . Northeastern African populations were not represented in that study. In order to test this hypothesis, we analyzed for DYS392, a geographically widespread subset of the E-M78 chromosomes here identified. We observed that the DYS392 12-repeat allele is associated with the majority of the chromosomes belonging to the northeastern African E-V12* (15 out of 18) and to the eastern African E-V32 (21 out of 23), with about half (9 out of 21) of the E-V22 chromosomes (both in eastern and northeastern Africa), with a few of the European E-V13 (2 out of 23), and with some north-African E-V65 (3 out of 16) chromosomes. These findings show that the DYS392 12-repeat allele is common in different regions characterized by high frequencies of E-M78 and suggest that it was most likely generated by multiple mutational events occurring in different UEP-defined subhaplogroups. Thus, the DYS392 allele distribution is not informative to infer the place of origin of E-M78 chromosomes.
An eastern African origin for haplogroup E-M78 was also hypothesized on the basis of the frequency distribution and microsatellite diversity (Cruciani et al. 2004) . We may now test this hypothesis by exploiting the new information provided by internal biallelic markers and the extensive resampling in which northeastern Africa is covered by a robust group of 90 E-M78 chromosomes. The frequencies of E-M78 in northeastern Africa and eastern Africa are not significantly different (0.25 ± 0.03 and 0.22 ± 0.02, respectively). As far as the microsatellite diversity is concerned, the highest mean variances across 7 tetranucleotide loci are those observed in eastern Africa and northeastern Africa (0.50 and 0.46, respectively), but an examination of the variances at individual loci reveals that in eastern Africa there is a disproportionate contribution of DYS19 to the mean variance (1.87). This is likely due to a multirepeat deletion associated with the common eastern African E-V32 haplogroup (Cruciani et al. 2006 and supplementary table 1). When this locus is removed from the analysis, we obtain mean variances across 6 loci of 0.41 and 0.27 for northeastern and eastern Africa, respectively. Variances at the 6 individual loci are always higher in the former region, and this difference is statistically significant for the microsatellite locus DYS461 (F test for equality of variances P , 0.05). Finally, a greater diversity of E-M78 binary subhaplogroups can be observed in northeastern Africa (0.61 ± 0.04), where all the E-M78 major branches are present, than in eastern Africa (0.30 ± 0.08), where only subhaplogroups E-V22 and E-V32 are found. E-V22 is observed at high frequencies in both northeastern and eastern Africa, with microsatellite variances of 0.46 and 0.35, respectively. The other common eastern African subhaplogroup, E-V32, that represents about 82% of the eastern African E-M78 chromosomes, is a relatively recent terminal branch of E-V12 (8.5 ky, fig. 1 ), the remaining E-V12 chromosomes being found almost exclusively in northeastern Africa as paragroup E-V12*. The haplogroups E-V13 and E-V65 are also found in northeastern Africa. Although an origin for E-V13 outside the region is likely (see below), E-V65 probably originated in situ as inferred on the basis of its nearly exclusive presence and diversity. It is also worth noting that the rare paragroup E-M78* has not been observed in eastern Africa; moreover, the 2 northwestern African E-M78* chromosomes are well differentiated from the 2 northeastern African E-M78* chromosomes (supplementary table 1, Supplementary Material online) adding a new argument for a higher haplogroup diversity in northern Africa.
In conclusion, the peripheral geographic distribution of the most derived subhaplogroups with respect to northeastern Africa, as well as the results of quantitative analysis of UEP and microsatellite diversity are strongly suggestive of a northeastern rather than an eastern African origin of E-M78. Northeastern Africa thus seems to be the place from where E-M78 chromosomes started to disperse to other African regions and outside Africa.
A Corridor for Bidirectional Migrations between Northeastern and Eastern Africa
The evolutionary processes that determined the wide dispersal of the E-M78 lineages from northeastern Africa to other regions can now be addressed.
E-M78 belongs to clade E3b (E-M215). On the basis of robust phylogeographic considerations, an eastern African origin has been proposed for E-M215 Cruciani et al. 2004) , with a coalescence time of 22.4 ky (95% CI 20.9-23.9 ky; recalculated from Cruciani et al. [2004] , see Subjects and Methods). A northeastern African origin for haplogroup E-M78 implies that E-M215 chromosomes were introduced in northeastern Africa from eastern Africa in the Upper Paleolithic, between 23.9 ky ago (the upper bound for E-M215 TMRCA in eastern Africa) and 17.3 ky ago (the lower bound for E-M78 TMRCA here estimated, fig. 1 ). In turn, the presence of E-M78 chromosomes in eastern Africa can be only explained through a back migration of chromosomes that had acquired the M78 mutation in northeastern Africa. The nested arrangement of haplogroups E-V12 and E-V32 defines an upper and lower bound for this episode, that is, 18.0 ky and 5.9 ky, respectively. These were probably not massive migrations, because the present high frequencies of E-V12 chromosomes in eastern Africa are entirely accounted for by E-V32, which most likely underwent subsequent E-M78 and J-M12 Y Haplogroups and Human Migrations 1305 geographically restricted demographic expansions involving well differentiated molecular types ( fig. 3A) . Conversely, the absence of E-V12* chromosomes in eastern Africa is compatible with loss by drift. Possible more recent episodes of gene flow are associated with the less common E-V22 subhaplogroup, also present in both northeastern and eastern Africa, but without a clear pattern of microsatellite molecular differentiation ( fig. 3B ). It is conceivable that the Nile river valley has acted as a genetic corridor for human migrations between northeastern and eastern Africa, a scenario that is also supported by mtDNA analysis both at HV1 (Krings et al. 1999 ) and entire molecule sequence (Olivieri et al. 2006 ). There are also other Y-chromosome haplogroups shared by northeastern and eastern African populations, that is, E-M123, J-M267, and K-M70 , Cruciani et al. 2004 Luis et al. 2004; Semino et al. 2004; Sanchez et al. 2005) . However, unlike E-V12 and E-V22, these haplogroups are also common in western Asia, where they probably originated (Cruciani et al. 2004; Luis et al. 2004; Semino et al. 2004) . Thus, it is unclear whether their present geographic distribution in Africa is the consequence of the same evolutionary events that involved the E-M78 chromosomes or whether they have been introduced independently from western Asia in eastern and northeastern Africa. Only the molecular dissection of haplogroups E-M123, J-M267, and K-M70 along with an extensive sampling of populations from these regions will help in answering this question.
Direct Northern African Contribution to the European Gene Pool
Previous studies on the Y-chromosome phylogeography have revealed that central and western Asia were the main sources of Paleolithic and Neolithic migrations contributing to the peopling of Europe Wells et al. 2001) . Only sporadic traces of northern African Y chromosomes were found in the European gene pool, mainly linked to the presence at low frequencies of the E-M81 haplogroup in Mediterranean coastal populations (Bosch et al. 2001; Scozzari et al. 2001; Cruciani et al. 2004; Gonc xalves et al. 2005 ). The molecular dissection of E-M78 contributes to the understanding of the genetic relationships between northern Africa and Europe. Several lines of evidence suggest that E-M78 subhaplogroups E-V12, E-V22, and E-V65 have been involved in trans-Mediterranean Fig. 3 .-Microsatellite networks of haplogroups E-V12 (A); E-V22 (B); and E-V65 (C). In network (A), a dotted circle includes all of the E-V12 chromosomes carrying the V32 mutation. Branch lengths are proportional to the number of one-repeat mutations separating 2 haplotypes. Each circle area is proportional to the frequency of the sampled haplotype. migrations directly from Africa. These haplogroups are common in northern Africa, where they likely originated, and are observed almost exclusively in Mediterranean Europe, as opposed to central and eastern Europe (table 1 and fig. 2 ). Also, among the Mediterranean populations, they are more common in Iberia and south-central Europe than in the Balkans, the natural entry-point for chromosomes coming from the Levant. Such findings are hardly compatible with a southeastern entry of E-V12, E-V22, and E-V65 haplogroups into Europe. Upper limits for the introduction of each of these haplogroups in Europe are given by their estimated ages ( fig. 1 ), whereas lower bounds should be close to the present times, given the lack of internal geographic structuring ( fig. 3A-C ; Cruciani et al. 2004; Semino et al. 2004) . Considering both these E-M78 subhaplogroups (present study) and the E-M81 haplogroup (Cruciani et al. 2004) , the contribution of northern African lineages to the entire male gene pool of Iberia (barring Pasiegos), continental Italy, and Sicily can be estimated as 5.6%, 3.6%, and 6.6%, respectively. Whether lineages E-M123, J-M267, G-M201, and K-M70, commonly found in both northern Africa and Europe (Bosch et al. 2001; Arredi et al. 2004; Cruciani et al. 2004; Semino et al. 2004) , were involved in the same population movements remains to be ascertained due to the poor phylogeographic resolution of these haplogroups.
The Haplogroup E-V13: Migrations and Demographic Expansions in Western Eurasia
Haplogroup E-V13 is the only E-M78 lineage that reaches the highest frequencies out of Africa. In fact, it represents about 85% of the European E-M78 chromosomes with a clinal pattern of frequency distribution from the southern Balkan peninsula (19.6%) to western Europe (2.5%). The same haplogroup is also present at lower frequencies in Anatolia (3.8%), the Near East (2.0%), and the Caucasus (1.8%). In Africa, haplogroup E-V13 is rare, being observed only in northern Africa at a low frequency (0.9%). The European E-V13 microsatellite haplotypes are related to each other to form a nearly perfect star-like network ( fig. 4A ), a likely consequence of a rapid demographic expansion (Jobling et al. 2004) . The TMRCA of the European E-V13 chromosomes turns out to be 4.0-4.7 ky (under 2 different demographic expansion scenarios, see Subjects and Methods; 95% CI 3.5-4.6 ky and 4.1-5.3 ky, respectively). On the other hand, when only E-V13 chromosomes from western Asia are considered, the resulting network ( fig. 4B) does not show such a star-like shape, and a much earlier TMRCA of 11.5 ky (95% CI 6.8-17.0; fig. 1 ) is obtained. These results open the possibility of recognizing time windows for 1) population movements from the E-M78 homeland in northeastern Africa to Eurasia and 2) population movements from western Asia into Europe and later within Europe.
The low E-V13 frequency (0.9%) and microsatellite variance (0.13) in northern Africa do not support an antiquity greater than in western Asia. Thus, the most parsimonious and plausible scenario is that E-V13 originated in western Asia about 11 ky ago, and its presence in northern Africa is the result of a more recent introgression. Under this hypothesis, E-V13 chromosomes sampled in western Asia and their coalescence estimate detect a likely Paleolithic exit out of Africa of E-M78 chromosomes devoid of the V13 mutation, which later occurred somewhere in the Near East/Anatolia. The refinement of location for the source area of such movements and associated chronologies here attained may be relevant to controversies on the spread of cultures (and languages) between Africa and Asia in the corresponding time frames (Bellwood 2004; Ehret et al. 2004 , and references therein).
As to a western Asia-Europe connection, our data suggest that western Asians carrying E-V13 may have reached the Balkans anytime after 17.0 ky ago, but expanded into Europe not earlier than 5.3 ky ago. Accordingly, the allele frequency peak is located in Europe, whereas the distribution of microsatellite allele variance shows a maximum in western Asia (fig. 5 ). Based on previously published data (Scozzari et al. 2001; Di Giacomo et al. 2004; Semino et al. 2004; Marjanovic et al. 2005) , we observed that another haplogroup, J-M12, shows a frequency distribution within Europe similar to that observed for E-V13. In order to evaluate whether the present distribution of these 2 haplogroups can be the consequence of the same expansion/dispersal microevolutionary event, we first compared the 2 frequency distributions in Europe (J-M12 frequencies obtained from both published and new data; supplementary table 2, Supplementary Material online). We observed a high and statistically significant correspondence between the frequencies of the 2 haplogroups (r 5 0.84, 95% CI 0.70-0.92). A similar result (r 5 0.85, 95% CI 0.70-0.93) was obtained when the series was enlarged with the J-M12 data from Bosnia, Croatia, and Serbia (Marjanovic et al. 2005 ) matched with the frequencies of E-M78 cluster a (Peričić et al. 2005 ) as a proxy for haplogroup E-V13 (Cruciani et al. 2006) . We then constructed a microsatellite network of 43 European J-M12 chromosomes (supplementary table 3, Supplementary Material online) and found a clear star-like structure ( fig. 4C ), a further feature shared with E-V13. This similarity was mirrored by a unimodal distribution of haplotype pairwise differences for both haplogroups (not shown). Finally, we used tetranucleotide microsatellite data in order to obtain a coalescence estimate for the J-M12 haplogroup in Europe. By taking into consideration 2 different demographic expansion models (see Subjects and Methods), we obtained TMRCA estimates very close to those of E-V13, that is, 4.1 ky (95% CI 2.8-5.4 ky) and 4.7 ky (95% CI 3.3-6.4 ky), respectively. Thus, the congruence between frequency distributions, shape of the networks, pairwise haplotypic differences, and coalescent estimates points to a single evolutionary event at the basis of the distribution of haplogroups E-V13 and J-M12 within Europe, a finding never appreciated before. These 2 haplogroups account for more than one-fourth of the chromosomes currently found in the southern Balkans, underlining the strong demographic impact of the expansion in the area.
Either environmental or cultural transitions are usually considered to be at the basis of dramatic changes of the size of human populations (Jobling et al. 2004 ). At least 4 major demographic events have been envisioned for this geographic area, that is, the post-Last Glacial Maximum expansion (about 20 kya) (Taberlet et al. 1998; Hewitt 2000) , the Younger Dryas-Holocene reexpansion (about 12 kya), the population growth associated with the introduction of agricultural practices (about 8 kya) (Ammerman and Cavalli-Sforza, 1984) , and the development of Bronze technology (about 5 kya) (Childe 1957; Piggott 1965; Renfrew 1979; Kristiansen 1998) . Though large, the CI for the coalescence of both haplogroups E-V13 and J-M12 in Europe exclude the expansions following the Last Glacial Maximum or the Younger Dryas. Our estimated coalescence age of about 4.5 ky for haplogroups E-V13 and J-M12 in Europe (and their CIs) would also exclude a demographic expansion associated with the introduction of agriculture from Anatolia and would place this event at the beginning of the Balkan Bronze Age, a period that saw strong demographic changes as clearly testified from archeological records (Childe 1957; Piggott 1965; Kristiansen 1998) . The arrangement of E-V13 ( fig. 2D ) and J-M12 (not shown) frequency surfaces appears to fit the expectations for a range expansion in an already populated territory (Klopfstein et al. 2006) . Moreover, similarly to the results reported by Peričić et al. (2005) for E-M78 network a, the dispersion of E-V13 and J-M12 haplogroups seems to have mainly followed the river waterways connecting the southern Balkans to north-central Europe, a route that had already hastened by a factor 4-6 the spread of the Neolithic to the rest of the continent (Tringham 2000; Davison et al. 2006) . This axis also served as a major route for the following millennia, enabling cultural and material (and possibly genetic) exchanges to and from central Europe (Childe 1957; Piggott 1965; Kristiansen 1998) . Thus, the present work discloses a further level of complexity in the interpretation of the genetic landscape of southeastern Europe, this being to a large extent the consequence of a recent population increase in situ rather than the result of a mere flow of western Asian migrants in the early Neolithic. Indeed, Y-chromosomal data from regions to the north (Kasperaviči ut_ e et al. 2004) , northwest (Luca et al. 2007) , and west (Di Giacomo et al. 2004 ) to the Balkans show signatures of demographic events that match archeologically documented changes in the population size in the 1st millennia BC.
Concluding Remarks
The buildup of the present day male-specific Y-chromosome (MSY) diversity can be viewed as an increase of complexity due to the repeated addition of new variation to the preexisting background by 2 main mechanisms: immigration of differentiated MSY copies from outer regions and accumulation of novel MSY variants generated by new mutations in loco. The question is whether a DNA polymorphism, which is able to mark a specific episode indeed exists and is known. Recently, Sengupta et al. (2006) pointed out that combining high resolved phylogenetic hierarchy, haplogroup internal diversification, geography, and expansion time estimates can lead to the appropriate diachronic partition of the MSY pool. The DNA content of the MSY ensures that abundant diversity exists to proceed a long way in this process of phylogeographic refinement eventually leading to a level of resolution for human history comparable with, or even greater, than that achieved by mitochondrial DNA .
Supplementary Material
Supplementary figure 1 and tables 1-3 are available at Molecular Biology and Evolution online (http:// www.mbe.oxfordjournals.org/).
